Abstract
Introduction
In Denmark the poultry industry and the National Committee for Pig Production, together with the feedstuff industry, decided to voluntarily abolish the use of all Antimicrobial Growth Promoters (AGP). The poultry industry abolished the use of AGP 15 February 1998 and the pig industry followed 1 March 1998 (for pigs over 35 kg) and 1 January 2000 (for pigs under 35 kg).
To evaluate the effects of the removal of AGP, data from both the poultry and pig industries were collected during a transition period for the removal of AGP from feedstuffs. The objective of this paper is to utilize these production data to calculate the economy-wide effects of the removal of AGP, using an applied general equilibrium of the Danish economy.
Production data
The Danish Poultry Council investigated how the removal of AGP influenced broiler productivity in Denmark by analysing data from 6815 flocks during the period November 1995 to July 1999. It was found that broiler weight produced per square meter and percentage deaths were not affected but that the feed conversion ratio increased marginally (by about 1 %) (Emborg et al. 2001a ).
The National Committee for Pig Production has recorded, for many years, productivity data in a representative sample of Danish pig herds. Withdrawal of AGPs was found to have had no, or very limited, effect on finishers and growers. In the production of weaned pigs there were increased problems with post-weaning diarrhoea, a reduction in daily weight gain and increased post-weaning mortality (Callesen. 2000) .
Finn K Udesen from the National Committee for Pig Production, has estimated that these productivity loses incurred by removing AGP in the production of pigs has cost roughly 7.75 DDK per produced pig c.f. Table 1.
In Table 2 it can be seen that the total cost of pig keeping increases by roughly 1.0 % due to the abolishment of AGP when the increased cost of production (DKK 7.75 per produced pig) is compared to the total cost of pig keeping per sow in Denmark. Due to the fact that the increased cost of production are best estimates made by Udesen, two sensitivity analyses are also undertaken where the cost of product is increased/decreased by 25 %.
In the case of poultry, the feed-conversion ratio increased by 0.016kg feed/kg broiler after the removal of AGP. In economic terms this amounts to 0.025 DKK/kg broiler using an average feed price of 1.55 DKK/kg. It has been estimate that the cost of adding AGP to broiler feeds is roughly 0.027 DKK/kg broiler wherefore the total cost of producing broilers in Denmark is not assumed to be affected by the AGP removal (Emborg et. al. 2001b ).
In the following the calculated percentage increases in costs of producing pigs (1.05 %) and poultry (0.0 %) are used to calculate the economy wide effects of removing AGP from feedstuffs in Denmark.
Model and scenario
Where there are economy-wide interactions between industries, it is important to capture all impacts of changing specific domestic policies, both in the primary industry involved but also in secondary industries of the economy. Therefore in order to evaluate the economic consequences of abolishing AGP, an Agricultural Applied General Equilibrium (AAGE) model of the Danish economy is used.
In the so-called AAGE model of the Danish economy there are five types of agents, namely: industries; capital creators; households; governments and foreigners. The current database of the model identifies 68 industries producing 76 commodities (see appendix A). For each industry there is an associated capital creator. The capital creators each produce units of capital that are specific to the associated industry. There is a single representative household and a single government sector. Finally, there are foreigners, whose behaviour is summarised by export demand functions for Danish products, and by supply functions for imports to Denmark.
The nature of markets and prices AAGE determines supplies and demands of commodities through the optimising behaviour of agents in competitive markets. Optimising behaviour also determines industries' demands for labour and capital.
The assumption of competitive markets implies equality between the producer price and the marginal cost in each industry. Demand is assumed to equal supply in all markets other than the labour market (where excess supply conditions can hold). The government intervenes in markets by imposing sales taxes on commodities. This places wedges between the prices paid by purchasers and prices received by the producers. The model recognises margin commodities (e.g. retail trade and freight) that are required for each market transaction (the movement of a commodity from the producer to the purchaser). The costs of the margins are included in purchasers' prices.
Demand for inputs to be used in the production of commodities AAGE recognises two broad categories of inputs: intermediate inputs and primary factors. Firms in each industry are assumed to choose the mix of inputs, which minimises the costs of production for their level of output. They are constrained in their choice of inputs by nested production technologies (see appendix B 
Household demand
The representative household buys bundles of goods to maximise a utility function subject to a household expenditure constraint. Bundles are combinations of imported and domestic goods.
Demand for inputs to capital creation and the determination of investment
Capital creators for each industry combine inputs to form units of capital. In choosing these inputs they minimise costs, subject to technologies similar to that used for current production; the only difference being that they do not use primary factors. The use of primary factors in capital creation is recognised through inputs of the construction commodity.
Government demand for commodities
The government demands commodities. In AAGE, there are several ways of handling these demands, including: (i) endogenously, by a rule such as moving government expenditures with household consumption expenditure or with domestic absorption; (ii) endogenously, as an instrument which varies to accommodate an exogenously determined target such as a required level of government deficit; and (iii) exogenously. In this paper government demand changes follow household consumption expenditures.
Foreign demand (international exports)
Two categories of exports are defined: traditional, which are the main exported commodities; and non-traditional. Traditional export commodities face individual downward-sloping foreign demand curves. The commodity composition of aggregate nontraditional exports is treated as a Leontief aggregate. Total demand is related to the average price via a single downward-sloping foreign demand curve. Contrary to many conventional agricultural products, all organic products are assumed to be traditional export commodities.
Demand for foreign imports
For all industries, AAGE includes the standard Armington specification for imported and domestically produced inputs. This assumes that users of a given commodity regard the domestic and the imported varieties of this commodity as imperfect substitutes. The Armington assumption is also used in input demands for industry investment and in household demands for consumption.
Computing solutions for AAGE AAGE is a system of non-linear equations. It is solved using GEMPACK, a suite of programs for implementing and solving economic models. A linear, differential version of the AAGE equation system is specified in syntax similar to ordinary algebra. GEMPACK then solves the system of non-linear equations as an Initial Value problem, using a standard method, such as Euler or midpoint. For details of the algorithms available in GEMPACK, see Harrison and Pearson (1996) .
Scenarios and expected results
A baseline is constructed to introduce all ongoing policy developments and known shocks to the economy so as to ensure that the policy scenario is undertaken in an economy where all known developments and shocks are accounted for, with the exception of removing AGP. The Baseline takes the economy from the model's initial year (1995) to 2010, and the effects of removal of AGP are evaluated in the year 2010.
We construct the AGP scenarios as a change in the total factor productivity (TFP). This is because the model has no explicit treatment of AGPs. We use the calculated percentage increases in production costs (from Table 2 ) to reduce the TFP so that the unit cost of production increases by 1.05 % for pig production.
Two sensitivity analyses are also undertaken where the cost per produced pig is increased/decreased by 25 % cf. table 2.
Expected results from the analysis
The removal of AGP increases the unit cost of pig production. A higher unit cost requires a higher product price if profits are to remain unchanged. Yet a higher product price invites lower demand. A decline in demand/production releases resources from the pig sector, which can then be used in other sectors of the economy. The increased supply of resources to other sectors in the economy lowers the price and required rent of these resources. A reduction in the required rental rates tends to favour those industries that are not affected by the removal of AGPs. As the production of pigs only accounts for a minor fraction of total national production, the effects on the rest of the economy are expected to be moderate. The expected negative impact on pig production is expected to lower the demand for cereal for feed purposes, exerting downward pressure on cereal prices. In turn, this is expected to benefit the cattle and poultry sectors that use cereals in this way. This should result in increased poultry production and a higher value of dairy quota (as the cattle sector is effectively constrained by the quota).
Results
This section presents results for production, exports and the macroeconomic performance of the calculated AGP scenario. The presentation focuses on the results for the primary agricultural and associated processing sectors 2 .
Production and exports
The production of live and processed pigs falls by 1.4 %, cf. Table 3 . This effect is due to the AGP removal working as an increase in unit cost, which in the longer run requires higher product prices, lowering demand for the product. The increase in unit cost also affects the export possibilities for processed pig meat, which declines by 1.7 %. A large part of cereal production is used for feed purposes, and the reduced production of pigs also causes cereal production to decline by -0.1 %.
Even though the Baseline is not a subject of this paper it worth noting that the production of pigs is expected to grow by 30.5 % from 1995 to 2010 (Jacobsen 2001) . The removal of AGP is therefore estimated to reduce this growth to 28.7 %.
The reduction in the production and processing of pigs leads to a lower demand for labour and new capital goods in these industries, resulting in a minor reduction in the wage rate and the price of new capital goods, cf. Table 4 . This effect favours other industries not affected by the removal of the AGP´s since lower factor prices reduce unit costs causing production and exports to increase for these industries. Lower factor prices and lower price of cereals benefits poultry production, which is seen to increase by 0.4 % while the processing of poultry meats increases by 0.4 % and export volume increases by 0.5 %. 
Macroeconomic results
The macroeconomic consequences of AGP removal are moderate. Real GDP falls by 0.03 % or 363 mill DKK at 1995 prices. This is the net result of the reduced production of pigs and cereals on the one hand, and the increased production in most other industries due to lower rental rates for primary factor inputs on the other hand.
Lower rental rates also affect real private and public consumption 3 falling by -0.03 %.
This corresponds to a lower real value of private consumption of 45 DKK per capita per year.
The resulting reallocation of primary factor inputs results in an economic state where all factor input are a little less productive in the aggregate. All factors of production receive lower rental rates and the aggregate capital stock has somewhat declined, reflecting an economic state where production potential has decreased slightly. Abolishing the use of AGP's also leads to a slightly lower (-1.37 %) price of agricultural land. The mechanism for this is the reduced demand for fodder reducing profitability in the cereals sector.
Sensitivity analysis
The results of the sensitivity analysis show that changes to pig production, real GDP and land prices vary with plus minus 25 % in accordance with the higher/lower estimated cost of removing AGP. 5 Therefore the results presented in this paper are sensitive to the initial estimation of increased cost due to the abolishment of AGP. The results of the sensitivity analysis are shown in appendix C.
Conclusion
This paper has analysed the economy wide implication of the unilateral Danish removal of Antimicrobial Growth Promoters in the production of pigs and poultry. The analysis shows that the long-term effects are a moderate decline in the production and export of pig meat, and positive indirect effects on other industries due to lower rental rates. Interestingly, positive indirect effects mostly impact the poultry sector, which also abolish the use of AGPs from production. The overall implication is a small decrease in real GDP and consumption.
The decrease in the production of pig meat should be seen in the light of the baseline where pig production is expected to increase by 30.5 % over the 15 year period or 1.8 % per year on average. Removing AGPs from pig production reduces this growth in production to 28.7 % which is equivalent to an annul growth rate of 1.7 %, offsetting the ongoing expansion of the pig sector by approximately one year.
The sensitivity analysis undertaken in this paper show, that the results are sensitive to the initial estimation of the increased costs of abolishing AGP.
Even though the cost in terms of real GDP and consumption are small, cost analysis such as the one presented could be compared with expected benefit of the removal of AGP. These benefits have not been a part of this analysis and only if the benefits are determined or assumed to exceed the cost could such a removal be said to be beneficial to society as a whole.
Naturally, the results found should be evaluated in light of the assumptions employed. Compared with other, partial equilibrium, economic analysis the present analysis takes into account the economic linkages between the individual agricultural sectors and between the agricultural sectors and the industrial sectors, and consumer preference or willingness to pay. Furthermore, the analysis has taken into account the derived cost and price effects and the implications of explicitly representing the overall macroeconomic budgetary restrictions. The simulations have also been undertaken with a national AGE model assuming unilateral Danish policy initiatives, as well as it has been assumed that the removal of the AGPs does not affect consumer preferences domestically or on the export markets for Danish pig and poultry meat. 
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